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FOREWORD

Reports for this Contract, DAMD17-81-C-1013, consist of three major final
reports and twelve supporting documents. The Contract title, MAMMALIAN TOXICO-
LOGY TESTING: PROBLEM DEFINITION STUDY, is the main title for all the reports.
Individual reports are subtitled and referenced with Life Systems, Inc. report
numbers as detailed below. Please note that the Life Systems report numbers in
test references are shortened. In the Defense Technical Information Center
(DTIC) data base the reports are identified by the complete report numbers
(i.e., LSI-TR-477-XXX) and complete numbers must be used for retrieval.

Life Systems, Inc.

Report Subtitle Report Number

Final Reports--

Part 1. Comparative Analysis Report
Part 2. Facility Installation Report
Part 3. Impact of Future Changes Report

LSI-TR-477-2
LSI-TR-477-3
LSI-TR-477-4

Supporting Documents--

Techuology Changes Impact on Testing
Requirements

Quality Assurance Plan

Capability Modules

Technical Plan

Equipment Plan

Personnel Plan

Inhalation Chambers and Supporting
Equipment Survey

Equipment List for Modules

AMTR Protocol/Pricing Report

Global Army Toxicology Requirements

Comparison Toxicology Test Costs

Annual Testing Capacity

LSI-TR-477-14

LSI-TR-477-17A
LSI-TR-477-19B
LSI-TR-477-20A
LSI-TR-477-21A
LSI-TR-477-23A
LSI-TR-477~26A

LSI-TR-477-28B
LSI-TR-477~29A
LSI-TR-477-31A
LSI-TR-477-36A
LSI-TR-477-38A
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SUMMARY

The study under which this report was prepared addressed the Army's global
toxicology requirement, evaluating alternatives for meeting a portion of these
requirements and establishing conceptualized plans for adding new capability to
carry out a portion of the requirement. Of particular importance, is that the
Technical Plan prepared is applicable whether the Facility is operated by the
Government or a contractor.

Many reascns exist why toxicology testing is needed by the Armv. Some tests are
mandated by law. Others must be done because they are part of good business
practices or for ethical and moral reasons.

The Technical Plan reviews the types of tests that are needed, these that sheuld
be carried ocut in a zew or renovated facility and these thet could be done
extramurally.

In contrast to the Mznagement Plan, this plan viewed the new or added toxicelegy
testing capabilities from the science point-of-view. It was prepasred after the
Army's toxicology reguirements were identified.

Of the many assumptions cited, it should be noted that all science be done in
the facility must be of good quality for research and testing purposes. Of par-
ticular importance wzs that all regulaticns relating to ccuformance to Gocod
Laboratory Practice be met.

Although the plan covered mammalian texicology research/iesting it did not cover
such things as basic toxicology res=arch, cccupaticnal hezlth aspects c¢r health
hazard assessment.

The Facility was orgznized to include six rajor business functions including
administration, finarncial, quality assurance. etc. An orgiznizational chart was
provided, depicted as a government-cwned. contractor-operated Facility. The
results nevertheless would be equally true if it was a Government-owned., Govern-
ment-operated Facility or a contractor-owned, Govermment-operated Facility. It
is important o note that the study did not provide for selecting the totzl
capability to be incorporated but limited to toxicclogy testing and, through a
subsequent redefinition, to include applied mammalian texiceleogy research.

Although the actual capability incorpcrated must be decided by the Medical
Research Development Ccmmander/Staff, recommendaticns were made regarding the
minimum a Facility should provide. The latter included, for example, a minimum
of four routes of exposure (oral, inhalaticn, dermal and ccular).

Seven Army business environments were identified which require toxicolegy techno-
logy. Major ones were identified during a typical iife cyvcie from the research,
development, test and engineering phase to ultimate demilitarization of Armyv
developed or purchased materiel.

A total of 19 specific tyvpes of Army mammalian toxicolegy tests were identified.
Type one, for example, was the acute rodent oral test on one species with the
outcome viewed for general toxicology results. Four major genetic toxicology
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tests were identified including standards for detecting gene mutations. It was
envisioned that the selected capability should be implemented in two stages.
Further, each stage should be built-up incrementally. The two stages were
identified as the initial capability and the growth capability.

It was noted no major toxicology research/testing capability exists able to
handle all the routes of exposure that reflect the Army's requirements. Of
particular importance to the Army are the unique exposures that must be reflected
in the routes of exposure selected. These include troop exposures associated
with weapons systems as well as environmental exposures the general public
experiences when living near Army activities.

The tier testing methodology was strongly recommended and guidelines were presented.

Two sites were selected for adding to the Army's Applied Mammalian Toxicology {
Research/Testing Capability: the Letterman Army Institute of Research and the
Hunters Point. The floor plans for each of the Facilities were reviewed. The k
former, for example, has approximately 325,000 square feet of space as being the
maximum available.

The planning effort concluded, ihe addition of new capabilityv and capacity is
recommended. The modular design permits the decision-makers the option to
readily pick and choose which capabilities and capacities are desired based upon
requirements, priorities, budgets, personnel resources, etc. The Facility must ;
provide for scientifically sound technical results, able to be scrutinized by

peer groups, regulatory agents and standard and criteria developers. [
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INTROBUCTION

The present document summarizes that porticn of the Mammalian Toxicology
Testing: Problem Definition Study related to the Technical Plan for the added
toxicology research/testing capability.

Background

The Problem Definition Study addressed the Armv's global toxicelogy require-
ments, evaluated alternatives for meeting a portion of these requirements and
conceptualized plans for adding new capability to carry cut a portion of the
requirements. The portion carried out in & new, added Facility could be
cperated by the Govermment or a contractcr. This Techrical Flan (Plan) is
equally applicable to either mode of c¢perztion.

Why Mammalian Toexicelogy Testing Needed

There are many reasons why toxicology testing is neelded. Some tesis are

mandated by law. Others must be done beczuse they are part of goed business
practices or for ethical and moral reascns.

Each user of the new or added capability .call the Facility) will have cne or
more reascns for doing so. Besides complving or demonstrating conformance to
laws and regulations, they can include generating data tc obtain permits and
licenses, obtaining approval to manufacture or continue to manufacture chemicals,
as part of carrying out effective drug znd vaccine development processes, to
develop testing methodologies for Army-unique environments and materiel, to
establish standards and criteria for occupational health in laberatories, in
production plants, in field training and for combat, etc.

Regulatory Reguirements

There is an extensive list of public laws that require toxicology testing and
affect a toxicology research facility's design and operaticn. Appendix 1
contains a summary of the 15 major public laws relating to toxicology. These
laws affect the Army activities associated with hazardeus uund toxic substances,
pesticides development, munitions menufacturing, tfoods, drugs and cosmetics,
etc.

Non-Regulatory Reguirements

Although regulatory requirements are the most visible, non-regulatory require-
ments for toxicology testing may be extensive. These are the tyvpes of tests
needed bv The Surgeon General to establish, for example, standards and criteria
for Army personnel not covered by the Occupational Safety and Health Act. In
addition, the non-regulatory requirements can have as their objectives:

1 To prevent decrements in soldier performanve,

2. To reduce the need for or level of dicab:lity ¢ mpencation pavments,

3 To reduce the number of litigations wnd the si2e ot seltlements
associated with personnel having been exposed te heoith hazards when
in the service of the Army and

4. To improve the selection of mater:el ¢lternatives.

» PRSI PRTPR. St ;__-M
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The latter helps the materiel developer Army Materiel and Readiness Command
(DARCOM) by comparing the relative hazards of alternative materials available
for use. Such materials include chemicals, propellants that result in toxic
exhaust or combustion products, intermediate chemicals used in the manufacture
of items to which humans are exposed, etc.

Scope of Plan

The Plan reviews the tvpes of tests that are needed, those that should be
carried out at a new or a renovated facility znd those extramurally, what
facilities are available at two model organizations (Letterman Army Institute

of Research (LAIR) and Hunters Point), conceptual designs for incorporating a
Medical Research and Development Command (MRDC) selected cepability and capacity,
Army-unique expcsures, igsvices that could be provided to the Facility bv the
host Governmert agency, the "new" Facility and purchesed extramurally, end

the continuous develcpmert of Army related toxicology reguiements znd adaption

to changes in these requirements.

Approach

The approach utilized in preparing this Plan., was to view the mew or MRDC

added toxicology testing capacity from the science point ¢f view. This is in
contrast to the Management Plan, which views from the Facility a business
orientation. The Plan preparation sequentizlly followed the identificztion of
the Army's toxicologv requirements, both regulatorv and nonregulatorv, options
for meeting these requirements, an identification of the facilityv and equipment
within the Facility, for carrying out a broad range of toxicolegy research/
testing capabilities and modularized to provide a specified capacity (volume)
of testing and technology development azs a function of time, and the quality
assurance activities needed to ensure the scientific credibility of the Facilitv's
scientific/testing output.

Assumptions

The assumptions used include:

1. All science must be good quality for the research and test's purposes.

2. All regulation relating to conformance to Good Laboratory Practice
(GLP) will be met.

3. All non-regulation research end testing will conform to the GLP and
the protocols established (selected or developed). Some research/
testing should not incorporate all the formal activities inherent in
GLP regulations. An example would be an experiment carried out
under The Surgeon General's nmom-regulatory respensibility which does
not require extensive specimen or recordkeeping procedures nor
establish a concise level of training or experience bv the person
carrying out the experiment or interpreting the results. The work,
however, should always be good science.

(a) The expression "host Government organization" refers to the agency that
would be occupying or managing the facility in which the added toxicology
testing capability would be incorporated.
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4, There will be both all Army and non-Army reviews of operating
policies and performance.

5. There will be good Standard Operating Procedures (SOPs) developed by
the scientists in coordinstion with the Qualitv Assurance function.
(See Quality Assurance Plan, TR-477-17.) Such SOPs will prcvide,
for example, the use of dcuble “lind sampling.

6. The technical cperation will be teaded by a Science Director who
will control technical perfcrmance znd enpleov technical tasking
methods.

7. Data and recordkeeping will be given prenminent attention. The data
and record forrats shall follcw es zppropriate. the Naticnal Cencer
Institute guidelines. These fcrnits a zta and records to he
stered 1n the Carcinogenes: £382YS Svevrem for couwpeterized
data collection, retrieval 1

8. The facility azd perscanel «ill c:nferm to the reguirements for
certification znd accreditaticns for facilties

ir
rersonnel.
Aprendix 2 contains a list of perscnnel and facility zccreditations
and certifications.

0

Personnel will be allcowed the maximum for inucvative methodclogy
development consistent with the nzeds of the Armyv.

The purpose of this Plan is to ensure that the final Facilitv Specification

and Personnel Position Descriptions provide the policies and guidelines that
will result in the data end scientific output generated by personnel utilizing
the Facility, are scientifically acceptable. TFurther, that technical personnel
will be attracted to the Facility beczuse ¢ Its reputation and qualificaticas
of the scientific personrel working at the Tacility.

Clarificatiosns

The Plan developed as part of the Protlem L:efinition Study covered mammalian
toxicology research/testing but did nct cover:

Basic Toxicology Research
Personnel Training

Full Service Toxicologv Cepability
Occupational Health Aspects

Health Hazard Assessment

LW

Basic research and training are important portions of toxicologyv but were
outside the scope of the study.

Training is a very important mission. It should be included in the new Facility
capability. Toxicology related perscnnel will be in short supply for the next
decade. An Army training program would be a cost-effective metlod for meeting
the Army's toxicology needs of the future. The training should provide profes-
sionals the opportunity for a multifaceted, advanced Ph.D. degree program in
toxicology. Further, the training program should also provide for training

Xe}
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middle and technician level staff. The purpose is to teach them how to effec-
tively carry out the work to be done. Finally, the program should train
inspectors. The laws and new perceived responsibility associated with toxic
hazards require that this "new" Armv position will have to have personnel
trained for doing Army field work. They do not exist in the quantity needed.

Toxicology is a subset of Occupational Health, which is a subset of Health
Hazard Assessment. The methodology used to evaluate the Army's requirements
and approach to meeting its toxicology rneeds, therefore, serves as a model for
addressing the more complex Occupatioral Health and Health Hazard Assessment
requirements for the global Army.

The tcxicology that was part of the Problem Definition Study relzted to health
and not toxicology technology related to the environment. The Problem Defini-
tion Study covered mammalian toxicology testing and applied mammalian toxicology
research. It did not, however, cover the tcxicology services typically needed
before the testing is initiated, in parzllel with the testing or after the
testing 1s completed. The services provided by a full service texiceolegy
facility can be divided into:

a. Services provided on a continuing basis
b. Services provided as part of the task assignment

Appendix 3 and &4 contain lists of these full-service activities, respectively.
Facility Organization

The toxicology research/testing facility has been organized as shown in Figure 1.
It includes six major business functicns:

Administration

Financial

Legal/Contract Administration

Product/Quality Assurance (of which GLP is a subset)
Support Services

Toxicology Research/Testing

Lo XNR LI = TR UV I S I

It should be noted that the organizational chart has been depicted as a Govern-
ment-owned, contractor-operated (GOCO) facility. The result would be equally
true if it was a Government-owned, Government-operated (GUGO) Facility or a
contractor-owned, Government-operated (COGO) Facility.

Note, the Product/Quality Assurance function (of which Good Laboratorv Practices)
are a subset reports directly to the parent organization and only indirectly
reports to the Manager of the Toxicology Facility. This is to ensure monitoring
and enforcement of Product/Quality Assurance is soundly implemented.

Interrelations With Other Tasks
This Plan relates to the other six portions of the Facilitv's installation and

operation: facility floor plans and construction, equipment, quality assurance,
personnel, resources and management. Since this Plan interrelates with others,

10
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certain duplication of subject material exists. Attempts have been made to
minimize this at some penalty in the "self-contained" nature of the individual
reports.

Total Capability

The Problem Definition Study did not provide for selecting the total capabilitv
to be incorporated intc the Facility. The program's scope was limited to
mammalian toxicology testing and, through a subsequent redefinition, to include
applied mammalian toxicology research.

full-service mammalian toxicology research testing facility would include
services provided:

Before the testing was initiated,

The testing itself,

Activities carried out in parezllel with testing and
Services after testing.

an oo

in the Basic Research and Training functions. Figure 2 illustrates this.
Appendix 3 contains an itemized listing of activities that could be considered
routinely provided within a full service Applied Mammalian Toxicology Research/
Testing Facilitv.

Incorporated Capability

The actual capability incorporated must be decided by the MRDC Commander/Staff.
As a minimum, it is recommended the Facility provide for:

a. Literature and information review/searches,

b. Consulting on the toxicology hazards associated with materiel and
weapon probrams,

c. Consulting on reeded regulatory compliance and

d. Actual mammalian toxicology research/testing through a minimum of

four routes of exposure (oral, inhalation, dermal and ocular).

The last item noted 2 "minimum" of four routes of exposure. Many of the
others such as surgical implantation, interdermal, intragastric, etc. should
also be included. Appendix 5 provides a list of Routes of Administration/
Exposure.

Detailed Functional Orgapization and Associated Labs and Areas

Figure 3 presents a further breakdown of the types of toxicology science and
organizational services included in a full-service capability. It reflects,
for example, the difference between those supporting services considered a
permanent part of the Facility and those which would be considered acquirable
under a services cotract, level of effort contract or subcontract basis.

More information is presented on this later.

12
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Prime
Contractor

GOCO Facility
Manager

.

Agminristration

* Waterial Services

Financial

Legal/Contract
Administration

Procuct/Quality 1

Assurance

* Quality Assurance Lzboratory

e Records Archives Area

s Library 1
¢ Specimen Storage Area

* Werd Processing Center
* Informetion Processing
* Data Processing
* Personnel (and

Temp. Employee)
» Conference/Seminar
Support
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FIGURE 3 ORGANIZATIONAL LOCATION OF FACILITY LABS AND AREAS

14




Life Systems, Jnc.

REQUIREMENTS

The Problem Definition Study included evaluation of the global Army's require-
ments for mammalian toxicology. These requirements were evaluated from a
full-service toxicology research/testing capability viewpoint. The require-
ments could also be subdivided into nommedical and medical requirements. This
was not done since the line separating the mission of the Army's medical and
non-medical organizations was not clear to team members.

The added Army toxicology testing capabilityv reflected by the Facility Plan
discussed elsewhere, covers a portion of that portion cf the Armv's requirements
typically expected to be provided by the NRDC.

Army's Business Envircnments
There are seven Armv business envircnmeuts which require toxicolegy techuclogy:

1. Research, Development, Test arnd Engineering :RIDISE) (e.g., drug
development)

Manufacturing (e.g., munitions)

Transporting (e.g., hazardous material)

Inventory (in-use and depct, e.g., storage and mazintenance)
Combat training operations (e.g., smoke simulants)

Combat operatiocns (e.g., chemical warfare)

Demilitarization (deactivation, disposal) (e.g., ohsolete nerve
gases)

~NOoNWL N

Toxicology Requirements Volume

The total volume of the Army's toxicology requirements is a function of at
least three parameters:

a The specific item of material,

b. The stage in its life cvcle (research through demilitarization) and

c. That (those) pertion(s) of the full-service toxicology capability
involved.

To arrive at a total fcr the volume of Army toxicology reg.irements, therefore,
requires each item and occasionallv, categories of Armv materiel to be viewed
at each stage in its life cycle, for the need for toxicology capability (anv?
to how manv?). This is a tremendously large undertaking. It involves the
monumental task of identifying all the materiel within the Armv's RDT&E process
and inventory; evaluating each for toxic hazards; etc. (Manv of the items in
inventory were put there years ago, before the toxic hazards associated with
many chemical substances was known.)

A finalized itemization, therefore, of the total volume of Army toxicology
requirements could not be completed within the program's scope and time frame.
A major advance was made, however, in defining the scope of the toxicology
requirements and to identify requirements to at least nine levels of five
major Army materiel categories:

15
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Aircraft (and Related Equipment)
Missiles (and Related Equipment)
Weapons and Tracked Combat Vehicles
Ammunition

Other Materiel

(VLI o N PV N S B

Further discussions of these requirements are contained in the program's
"Comparative Analysis Report," TR-477-2.

The total volume of toxicology requirements results from specifically evaluating
Army materiel items at stages in the life cvcle and then according to which
tasks of the full-service capability (Appendices 3 and 4) apply. The latter
includes maintenance of the toxicology data bases during the 20 to 40 vear

life cycle of most Armyv rateriel and testifving in front of regulatory agencies
as expert witnesses zt trials.

Requirements Define Tests

Reviewing the total Army requirements for toxicology services, resulted in a
definition of the most likely mammalian toxicology tests needed. Some or all
of these must be included in the added capability. This added capability,
however, can be incorporzted into any one or more of the various sources.the
Army has for meeting its toxic requirements. The latter are shown in Figure 4
and include:

1. In-house laborztories;

a. Army Medical Department (AMED)
b. DARCOM

2. Extravurally lzboratories for hire:

a. For profit
b. Not for profit

c. Universities
3. Other Government agencies:
a. National Toxicology Program
b. EPA, NIOSH
c. NCTR
4, Industrial materiel developers
5. Chemical manufacturers

TYPE OF TESTS

Meeting the Army's toxicology requirements resulted in the identification of
three categories of tests:

16
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General toxicology tests
Special scientific toxicology tests (studies)
Genetic toxicology tests

(a)

W M

General Toxicology Tests

Table 1 presents a list of 19 types of Army mammalian toxicology tests.
Information on each tests includes duration, type of animal, route of exposure
and cutcome, usually "general toxicology." The later includes lethality,
metabolism/pharmacokinetics and portions of service toxicology disciplines
such as pharmacodynamics. Only portions, however, so as not be be confused
with the full scale, special scientific studies. Also, General Toxicology, as
used in this context, includes the dermal and ocular irritation and sensitiza-
tion outcomes.

The list of 19 tests resulted from a survey of all known tvpes of mammalian
toxicology tests descriptors and reducing the list to those most likely to be
applicable to the Army's requirements. This was followed by an identification
of specific tests (protocols) which resulted in the group of 19.

To accomplish all the Army's mammalian toxicology research needs required that
varicus special scientific toxicology tests be incorporated beyond the general
toxicology tests and beyond the neurotoxicology tests (Table 1).

Special Scientific Toxicology Studies

The toxicology research/testing capability envisioned as able to be incorporated
into the Facility include the follwoing:

Behavioral Studies
Metabolism/Pharmacokinetic Studies
Pharmacodynamic Studies

Oncogenic Studies

Respiratory Physiology Studies
Reproduction Studies

Teratology Studies

Neurotoxicity Studies

0O~ OV W N~

These are in addition to the General Toxicology tests cited in the prior
section.

Of these, it is recommended the Facility provide the specific special toxicity
studies noted at the right hand side of Table 2 including the combined protocols
of (a) general toxicity and oncogenic studies and (b) reproduction and teratology
studies. These include, for example, behavioral toxicity studies with rodents
and primates and the inhalation route of exposure.

(a) For the remainder of the report, the special scientific toxicology tests
will be referred to as studies. This is done to reflect the more research
oriented aspect of the activities.
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TABLE 3 GENETIC TOXICOLOGY TEZSTS

A. Stancards for Detecting Gene Mutations

1. Detection of Gene Mutations in Bacteria

2. The Salmonelia/Microsomal Assay

0. The Escherichia coli WP2 and WP2 uvrA Reverse Mutation Assay
2. Detection of Gene Mutations in Eukaryotic Microorganisms
. Aspergillus nidulans

V]

2. Naurospora crassa
Z  Telection of Gene Mutations in Insecis

3. Drosophila melanogester Sex-Linked Fecessive Letrai Test 1
4 Detection of Gene Mutations in Somatic Celis in Cu'ture

2. Yammalian Cell Culture — (5178Y Wouse Lymproma Ceils

o Wammalian Cell Culiure — V78 Chinese Hams'er Cel's

<. wammalian Cell Culture — Chinese Hamster Ovary! (CHO) Cels
S Sezteclion of Gene Mutations in Mamma.s

a. The Mouse Speciiic Locus Test

3. Standards for Detecting Heritable Chromosomal Mutations 1

-

In Vivo Cytogentics Test in Mammals

Detection of Heritable Chromosomal Camage in Insects
a. Chromeosomal Damage in Drosophila melanogaster

3. The Dominant Lethal Test in Mammals

<4 Tre Heritable Transiocation Assay

n

. C. Standards for Detecting DNA Repair or Recombination as an Incicator of Genetic Damace

—a

Detection of Genetic Damage in Bacterial by DNA Repair
Unscheduled DNA Synthesis in Mammaiian Ce'is in Culiure ]
Detection of Mitotic Crossing Over ancior Gene Convarsion in Yegst
S'ster Chromated Exchange in Mammatlian Celis in Culture

NG N

D. Standards for Detecting Chromosomal Damage

1. in Vitro Cytogenetics Assay
2. Micronucleus Assay

B

!ll

Standards for Detecting DNA Alkylation

1. DNA Alkylation in Drosophila melangosier Sperm Celis
2. DNA Alkylation in Rodent Sperm Cells
3. DNA Alkylation in Mammalian Cells in Culture
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Table 2 lists the price established for the various mammalian toxicolcgy Lests
where they could be done on a contracted basis. Obtaining pricing infcrmaticn
for toxic- logy testing is very difficult. This resutls because of the incon-
sistencies in protocols, interpretation of protocols, depth with which the
personnel providing pricing information views the assignment, etc. The table
is included, however, more to reflect the breakout of tests the Facility
should perform to meet Army requirements than the price for the test. The
background discussions on the latter are contained in the program file Memo.

Genetic Toxicology Tests

Considerable advances in technology are being made to minimize the cost of
toxicology testing. A portion of these efforts involve genetic toxicclogy
tests. The program identified five major genetic toxicolegy test calegories:

Standards for detecting gene mutations;

Standards for detecting heritable chromosomal mutaticncs;

Standards for detecting DNA repair or recombination as zn indicatnr
of genetic damage;

4, Standards for detecting chromosomal damage; and

5. Standards for detecting DNA alkylation.

L PO

These five tests categories are further defined in Table 3.

It is the Army's decision as to which of the genetic toxicclogy tests be
incorporated into the Facility's capability. It is recommended that many of
the in vitro tests be included (Module 62). The in vivo genetic toxicology
studies, can be incorporated through the addition of Module 63 or, with some
rearrangement, through one of the oral exposure areas (e.g., Modules 1 through
3, acute, subchronic and chronic oral exposure areas for rodents, respectively).

Tests Actually Selected

A specific selection of which capabilities/mammalian toxicology tests should
be done within the Facility depends upon decisions made concerning:

1. The control the Army desires over the implementation of each test;

2. The level of funding it desires to invest in establishing the Facility,
its capability and capacity; and

3. The success experienced in identifying the level of test volume,

urgency and timing for providing the capability.

A major driver will be the number of times (vulume) the particular test is
ultimately determined to be required, the fundirg provided by the Facility
users and, possibly, the sharing of the Facility capabilities with other
organizations. The latter includes the Air Force and Xavy, and other Federal
Agencies such as the National Cancer Institute or other National Toxicology
Program participating agencies.

IMPLEMENTING SELECTED CAPABILITY AT THE FACILITY

As was noted the specific tests and toxicology related activities/tasks incor-
porated must be determined by the Army. It is envisioned, however, that the
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selected capability should be implemented in two stages. TFurther, each stage
should be built vup incrementally.

Two Stages

The capability selected by the decisicn-makers for the Facility should be
divided into two parts:

1. The initial carability

2. The grewth capability

Initial Capability

The initial capebility should be a balance between pricrity requirements and
the zvazilable resources dellars and fers:rnel, éend ¢ o re .imited extent
facilities and equipment). The time frame should le the f7rst five vears of
the Facility's existance. These five vears include:

ent
1. Final definiticn of the Fzcilityv €

N -
and czpacity decisions, cyerating

etc.

ecification, including capebility

5
policy and gui-deline decisicns,

to
-
3
Ls]
=
Q
™
o
[ Y
m
I
fo
-
M
b
Ca
try
W
N
.
—
v
-
o
r
5
?14
1

inzs, the subseguent censtructicon
and, then turning it cver tc the cperator.

3. Initial startup c¢f toxicology testing. ezsier ones first.
4. Fully operatioral initial capzability.

Growth Capability

The growth capability shculd be selected and conceptually idesigned at the
time the initial capability is formalized. Details of its configuration
however, should not be formalized until after the third vear of the initi-_
capability’'s "existance.”

The purpose of conceptually defining the growth capability aleng with finaliz-

ing the initial capability, is to ernsure the capability, flccr nlans, equipment

and perscnnel are compatible, to alert potential users and the facilitv staff 3
as to what is ccming in the future, and to aid in explaining whv it is not 3
incorporated initially.

Iccremental Buildup in Each Stage

For a variety of reasons, including effective management of resources and the 1
acquisition of personnel, the facility should have its capability incorporated
into the Facility in a step-wise fashion. This will avoid having too many

"new'" things going on simultaneously. It will allow management, both scientific
and business, more time to develop, implement, and teach and/or acquire the
operating procedures, guidelines, pclicies, personnel, etc. that make up the
Facility.
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Preferred Tests at New Facility

Above it was noted tke full service capability that was conceptually designed
for the Facility. Further, it was noted that not 2.l should be incorporated
either initially of in the growth versicn. Many wav. can be envisioned for
selecting the capability to be included. The following illustrates some.

Army-Unique Expasures

No major toxicology resezrch/testing capability exists able to handle all the
routes of expcsure that reflect the Army's requirements. These include:

1. Troop exposures associated with weapons systems.
Industrial werkers in Goverrment-cwned plants and Army depots where
Army-unique chemicels or nateriel are made or precessed.

3. Envircnmental exposures the general public experiznces when living
near Army activities. These include expcsure to Army "generzted"
air, water and toxic wastes.

An example is the soldier exposed to a short-term, very intense concentration
of weapon "exhausts™ with concommitzat stress conditicns such as neise, vibra-

tion, strees, etc. The latter are csscribed in more detail later.

Not Competitivelv Aveilable Extramurally

A second category of tests that should be given high prioritv for initial
incorporation into the Fzcility include those that cannot be obtained extra-
murally on a competitive basis. The caution, however, is that the volume of
these second priority tests be adequate to justify their incorporation into
the Facility's capability.

The incorporation of a behavioral toxicology capability represents the type of
tests that can rot be obtained extramurally through a broad base of competition.
Further, the trend in toxicology is toward evaluating the effect on behavior

of concommitant exposure conditions (temperature, noise, phvsiological state,
radiation, etc.). This zspect of technology is similar to the Army's need for
evaluating the soldier's exposure to toxic chemicals and hazards and/or military-
unique environment. Behevioral toxicology, however, cannot be justified

during the initial capability because of the higher demand of the more traditional
toxicology research/testing.

Tier Tests

In Tables 1 and 2 the tests were identified as acute, subchronic and chronic
tests. They were examined as if thev were a discrete entity which, insofar as
being specific tests to make specific determinations, they are. In reality,
however, the assessment cf a product or process, new or old, will include
examination of several and, in extreme cases, all of the tabulated effects.
This means that in practice most toxicolog%ijl testing will be subject to a
battery of tests (Dominguez 1979, p. 116).

(1) References are cited at the end of the report.
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ery of tests mayv be based on the type of effect, duration (ucute,

cr chronic), or may invoive cne design to determine one particular
¢k as carcinogenicity the Special Scientific Toxicology Tests dis-
bive. The latter case may take the form of a progression from the
=nsive ané rost expedient screening procedure to the more expensive
susuming lifet:me study. This can be exemplified froem the ‘inmes test
cale twe-yvear animal feeding.

.1 Jll-r tlimes it is the tests reliszb:il:ty thit may be the problem -- mutageni-
sting by in vitro techniques where more than one procedure increases
1atiiity of results and their extrapclatability. Whichever is the

Ce:¢. the irplication for a Technic:zl Flan is the same, a series of tests must
1 2

¢ relzting to the testing cbiective.

M

g proarsm
rs 1f 1t is

JnLoorLTuatiy however, s further cempliczted in that the tests
I te
1v emploved in

additicnal fac

3 1 1 z
Th2 besic parameters usual

prortunity for exposcre, freguency, duration, concentration and

<. Tte nature of the hazard being evaluated -- zcute, subchronic cor
chronic effects.

:. te volume of the materiel ¢r materiel to be produced. In general,
the larger the volume produced the greater potential for human or
envirornmental exposure and the greater need for most extensive
testing. (This, obviously, is nct alwavs the case since considera-
tion of points mentioned in items 1 and 6 mav mitigate.)

-. Tre physical aad chemical properties of the substance. 1t :s illegical
ar.d unnecessarv, for example, to conduct inhalation studies on a
. nonvolatile material.

o Tre structural ‘activity relaticaships of the substunces under con-
sideraticn to other tested substances and their known effects.
Certain preliminary inferences can be Jrawn based on such analogies.
As more experienced knowledge grews, it may be possible to use this
arproach more Jefinitively.

" Trre known or anticipated uses cof the substances. This plave a large
pert in the intelligent design of a testing svstem for specific
tests. It is unnecessary, fcr example, to conduct extensive, it
any, tests oo a substances fcrmed and totallv ceonsumed in the reac-
tion of ancther substance, for instance, a transient reacticn product.
At the other end of the spectrum, however, is a product intended for
wide~spread use within the Army which would warrant extensive evaluztion.
Tre latter could depend upon the nature of the Army personnel’'s use
or dictates of legal statutes. !
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These six factors have ignored statutory or regulatory requirements but view
testing from the most logical and scientific viewpoints. The implications
raised by laws or regulations, TSCA, FIFRA, DOD, OSHA, etc., although beyond
the scope of this report, are, obviously, instrumental in final test system
design.

Table 4 presents a summary of three levels of tier testing guidelines (Dominguez
1979, p. 120) modified for this program. A level called tier zero covers such
items as physical/chemical properties, elementary mass balance analysis and
preliminary analytical methods determination.

The trend is toward increased complexity and resources (cost, facilities,
equipment and personnel) as one goes from tier one through tier three tests.

Projected Shortages of Mammalian Toxicolegy Testing

The national capability for applied mammalian toxicology research/testing will
be limited (ICF, Inc. 1980; Development Planning a2nd Research Associates, Inc.
and FCF, Inc. 1980). The ability of the Army to ccmpete effectivelv for
extramural toxicology research/testing has certain restrictions placed on it.
These are summarized in Table 5 as they relate to the projected supply and
demand for five particular categories:

Personnel
Facilities
Equipment
Animals
Business Profit

(VAR VLI S

To illustrate, personnel involved with mammalian toxicology research/testing
will be in low supply and the demand will be high because of the recent increase
in regulatory actions and public/business awareness of the hazards associated
with chemicals. The Army's need for personnel further restricts the supply
because of the special training needed for Army exposures, the nonmedical war
image versus a ‘'peace" image and the Army's greater requirement for production
type testing than the more interesting (to the toxicolegy scientist), basic

and applied research. These drivers on personnel, facilities, equipment,
animals and business profit must be considered when selecting the particular
capabilities to be incorporated into the Facility.

RECOMMENDED EXTRAMURAL TESTING

The extramural testing done under contract or through an outside Federal
agency can be broken down into:

1. The characteristics of the test.
2. The service portion of the tests.

Characteristics of Extramural Tests

The test that should be carried out external to the Facility's capabilaty
include:
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1. Tests already being completed within the MRDC's laboratories.

2. Tests which such organizaticns as the National Texicology Program,
EPA, NIOSH, etc., would provide (limited opportunity for Army require-
ments in general but still & viable option).

3. Tests characterized by using very routine, standzrd protocols.

Tests where competitively meaningful numbers of for-hire labecratories
provide quality type testing.

s

5. Tests for requirements where the time available to obtain the results
is long and the guick response, characteristic =f a Government-cowned
and Government controlled operaticn through its _wn staff or that of
a contractor.

Service Fortions of Test

As was indicated in Figure 3, various support services were identified in a
Suppert Services Division. These included:

Pathology Laboratory

Clinical Chemistry Laboratory

Animal Breeding

Veterinary Medicine

Analytical and Synthetic Chemistry Laboratory
Automated Data Processsing

Radiochemistry Laboratory

Equipment Maintenance (servicing and repair)
Laundry

O 00~ OV B~ N v

The selection of which services to purchase extramurally is judgemental. It

is based upon preferred rate of buildup in testing capscity, availability of
personnel hired for staffing the new Facility, etc. These 1ssues are discussed
in more detail later.

FACILITY

The program specified several models as sites for adding te the Army's applied
mammalian toxicology research/testing capzbility. The Facility sites were:

1. LAIR
2. Hunters Point

Site Models

To a degree, the two models utilized represent extremes in potential Armv
facilities for locating the toxicology Facility. The LAIR represents a modern
(four to eight years old), functioning facility. Hunters Point represents an
obsolete (>25 years old), dormant facility.

“‘
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LAIR Restrictions

The Facility Plan reviews in detail the deficiencies of the LAIR facility.
Major among them are the need for renovation work while the existing activities
continue; inadequate capacity of many business utilities for a modern, GLP
qualifiable Facility and several minor structural arrangements which make
capability module lavout difficult.

None of the restrictions found with LAIR, however, inhibit it from becoming an
effective structure/facility to incorporated the mammalian toxicology testing
research capability selected to be added.

Hunters Point Restrictions

The Facility Flan reviews in detail the deficiencies of the Hunters Point
facility. Among them are the poor state of the property, the considerable
repair needed (e.g., most of the facilitv's central utilities will have to be
repleced) and the lack of any host Government organization services. The
structural arrangement, however, is better than LAIR's.

Rescurces Needed Proporticnal to Capability and Capacity

The FTacility's resource needs are directly related to that porticn of the
global Army's requirements for toxicologv cazpability to be included in the
Facility. Further, the reeds are then related to the type of capability
(scientific and testing) and capacity that are selected for incorporation into
the facility. Capacity refers to rate of experimentation or testing per unit
of time. Resources refer to area of facility, equipment, personnel, mocney,
reputation, etc.

Capability

As noted in Tables 1 and 2, 19 specific tests were identified as needed to
meet the Armyv's requirements plus the special scientific and genetic research
efforts and tests.

It was not appropriate for the Problem Definition Study team to select the
final capability to be included in the Facility. This relates to and is
determined by MRDC's/DA's preferences, priorities, resources, timing, etc.

Capacity

The capacity is a function of the number of tests or amount of research done
per unit time. As expected, capacity relates to the number of modules of a
given capability or service (e.g., subchronic inhalation exposure areas for
rodents or analytical chemistry laboratory), the number of personnel available
to carry out the tests or experiments (e.g., animal caretakers) and to interpret
the results (e.g., veterinarian pathologist), funding available for expendables,
overhead, etc. Again, the final selection of Facility's capacity is a MRDC/DA
decision.

30
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Equipment Limitations

Two major limitations for any Army site selected for locating the Facility
include:

1. The ncnexistance of adequate or in most cases, anv inhalation ¢xposure
areas.
2. The nonexistance of any Armv-unique expasure chambers.

Inhalaticn Exrosure Areas

Inhalation exposure 1Is continuously being recognized as one of the more important
but less avazilble toxicology routes of exposure. HManv, if not the grester
portion, of the Army's requirements are associated with inhalstion exposures.
This results from the combat and corbat training operating enviroiinents Army
perscnrel enccunter (smokes and obscurants svstems. the exhauste of weajons,

the exhaust of large quantities of mobile equipment, protection :painst chemical
warfare zgent enviromments, etc.). This makes the sddition of inhaloatinn
e¢xpoesure areas a high priority for incorporatien inte the Facility,

Armv-LUriqgue Chambers and Toxic Chemicals/Generaters

As discussed in more detzil below, the Army has a variety of very unigue

exposure environments. These require unique chanbers to simulate the exposure

as well as equipment to generate a duplicate of the field exposure in the
laboratory. The Army had cne of the largest needs, fcr example for inhaletion
texicology testing associated with aerosols. These result from soldier exposure
scenarios invelving offensive and defensive warfare agents, smckes and cbscurants,
etc. The capability added to the Facility must develop and then provide these
unique chambers and generators to simulate the Army-unique environments.

CONCEPTUAL DESIGN RELATES TO CAPABILITY AND CAPACITY INCCGRPURATED

The technical design is a function of capability and capacity incorporated.
Corceptual Cesigns of Equipment and Facility Medules

The Prcblem Definition Study did not cover the development of a full service
capabiiity to meet all Army's requirements. The approach selected, therefore,
was to design a total capability frem a conceptual paint of view able to neet
all recuirements. The actual capabilities and capacities incorporated into
the Facility teing a functicn of the MRDC Ceommander/Staff decisicn-making

process.

Facility Modules

The fuil-service applied research/testing capability was conceptualized as
modules. (See discussion in Facility Plan Report, TR-477-22.) The conceptual
capability includes special modules to he used by variocus toxicology scientific
disciplines to carry out the Special Scientific Toxicology Studies and Genetic
Toxicology Tests. Appendix 6 contains a list of all the research/testing
facility areas and laboratories. Appendix 7 contains three examples of the
Mammalian Toxicology Facility Module Descriptions, Form 650. These forms
contain information on:
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Floor plaa

Construction information
Special feastures/benefits
Special assumptions

Cost estimate

UL~ W o =

The examples presented in Appendix 7 are those for the ..odent Acute Inhalation
Exposure Area, the Primate Subchrenic Inhalation Exposure Area and the Pathology
Labcratory, modules 1, 9 and 25, respectively.

LAIR Floor Plan

Appendix 8 provides the floor plans of the LAIR facility. It identifies the
approximately 325,000 square feet space that was specified by the Army as

being the maximum availatle for the Facility. The remainder is occupied by

the U.S. Department of Agriculture and has been marked off on the floor plans.
The expression AS stends for Administration Sections, LR for Laboratorv Research
section and RS fcr the Research Secticn. Realistically, the current DRDC
related LAIR mission activities occupy a portion of this 325,000 square feet

of "maximum space availatle." It is prcjected that less than 200,000 square
feet of space will be zvzilable for the new Facility.

Equipment

Equipment lists were assembled for each of the Facility's capability modules. J
They are done in more detail in the "Equipment Plan Report," TR-477-21.

Special Scientific Toxicology Studies

Module numbers 13 througk 19 and 61 are Special Scientific Toxicology Studies
Areas. They provide for studies associated with the following toxicology
disciplines:

Module 13, Behavioral Studies Areas 1
Module 14, Metzbolism/Pharmacokinetics Studies Areas
Module 15, Pharmacodynamics Studies Areas

Module 16, Onccgenic Studies Areas

Module 17, Respiratory Physiology Studies Areas
Module 18, Reproduction Studies Areas

Module 19, Terzatology Studies Areas

Module 61, Neurotoxicology Studies Areas

O~ OV &N W N

Certainly not all these studv areas will be incorperated in the growth capability §
much less the initial capability. Judgement will have to be made concerning
what are the Army's priorities. The initial capability, however, will start .
‘ with General Toxicology as its primary thrust. :

Model Facility Locations

As noted, LAIR and Hunters Point served as models to depict potential sites

for incorporating the added capability. Both sites were viewed from the
ability to be converted into high quality, scientific institutes of toxicology.
Both facilities being located in the San Francisco CA area, have ready access
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to personnel, local universities focusing on toxicology work (e.g., University
of California at Davis) and local sources for analytical laboratories, techni-
cians, pathology laboratories, etc.

The LAIR, with its location at the base of the Golden Gate Bridge is a most
attractive site. The Facility is the more modern. Hunters Point will require
extensive rework in and around the facility to convert it into an Army or
medical institute of toxicology, MRDC center of toxicology testing or location
for additional MRDC mammalian toxicology testing.

ARMY-UNIQUE EXPOSURES

By nature of its mission, the Army exposes its military and civilian personnel
to unique toxic exposures. The most unique are those associated with the
combat or combat training environments. These are characterized as shown in
Table 6. As the table indicates, the exposure is short-term (less than one
minute to one hour, repeated exposures of one to sixty times per ten hour day,
etc.).

The characteristic called "intense concentration" deserves special mention.

It reflects that the concentration of chemicals, chemical mixtures, exhaust
gases, etc. is high in the combat environment or simulated combat environments.
Such environments can occur from rapid firing of small arms to periodic missile
launches, the generation of smokes to obscure the activities associated with
troop and equipment movement, the exposure to chemical and biological warfare
agents, etc.

Example

Figure 5 presents typical data of concentrations versus time for an armored
vehicle undergoing a chemical agent challenge test. Such a vehicle would be
the M1, Abrams Main Battle Tank. Although the time axis is left general, the
impact of the unique environment is presented.

Concommitant Exposures

An area that will require increasing Army emphasis during the 1980s is the
impact on soldier performance when exposed to toxic chemicals and environments
and simultaneously exposed to such concommitant exposures as hot and cold
temperatures, loud and intermittent noises, vibration, intermittent shock at
various levels, etc. These exposures are summarized in Table 7.

SERVICES THAT COULD BE PROVIDED TO THE FACILITY

There are three sources of services available to or at the Facility. These
include:

1. Host Government Facility Services

2. New Facility Services

3 Externally Purchased Services
Appendix 8 presents a list of 246 business services that could be provided-from-
or purchased-for-the-Facility. They have been coded to include those which
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should be given serious consideration (total of 40) and those which would be
considered good candidates for consideration {total of 39). Final selection
depends upon MRDC's/DA’'s priorities, rescurces, requirements addressed and

£ capabilities and capacity incorporated.

Government Fuoc:lity Services

acility services that the host government crganization weuld provide will
depend upon the site selected as the twe models used in the study indicated.

LAIR Facility Services

s an Army pregram guideline, the LiIR was zssuned to provide no facilities.
It is ®nown, however, the LAIR can prov: : Taboratory, siministrati
snd storzge space on an as available/cs neeled tasis.

de anpimz

o
-
o

]

mounts of heating and air conditiornirg. =lectricity, t:p
ment, telephone system, compressed zir In lzberatory gases,

maintenance and jaznitorial services ccu.d be aveilable.

open item at this time.

Hunters Point Services

Hunters Peint has virtually no services available. The tuilding has been "in
methballs™ so no current people-provided-service exist. Alsc most of the
central facilities are in a state of disrspair.

The Facility Services
Figure 3 presented a listing of those facility services considered fov incor-

poration into the baselirne capability and weculd then be aviilable to the hest
crganization. These included:

1. Oral, Inhalaticn, Dermal znd Cculzr Exposure Areas.
2. Animal Quarantine Area.

3. Food Preparaticn/Blending Area.

4. Refrigerated Fcod Storage Ar=:.

5. Weight Handling/Disposal Area.

6. Cage/Rack Washing end Storage irea.

7. Chemical Storage Area.

8. Showers, Lockers and Toilet Area.

9. Glass washing Area.

10. linen Storage Area.

As can be seen, the areas vary from the testing expcsure areas to storage
areas.

Extramurally Purchased Services

Besides the support services recommended for purchasing outside mentioned
previously, Figure 3, Support Services Livision services, others that could be
considered include: photography service, janitorial service, wachine shop
services, refuse pickup/disposal, etc.

w
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Support service contracts could also be viewed as appropriate additions to a
Technical Plan. These contracts provide, for example, the hiring of:

Aniral handling people.

Ariral care pecple.

Aniral husbandry people.

Computer services people.

Diet preparation people.
Instrumentation calibration people.

O U L~ o B =

These issues are discussed, however, in the "Personnel Plan Report," TK-477-23.
CAPACITY OF TOXICOLOGY TESTS PER MODULE

A special pro’ect was initiated to estzblish the annual testing capacity based
upen incorperating one of each of the ©3 modules. Table 3 correlates the
nunber of tests per vear per module 2s a function of test number. To illustrate

the rodent acute oral exrosure area {(Mcdule No. 1) can have 772 general toxi-
cology tests done per vear.

CONTINUOUS DEVELOPHMENT OF REQUIREMENTS
Effective utilization of the Facility's capability requires ccntinuous identi-
ficaticen and interfacing with potential and actual users. The majority of
these will be users whose needs are not curreatly being met (e.g., by the
MRDC) .

A Toxicology Requirements Plan should be develcped that will provide an ongoing
dialog between the Facility personnel and those of the Army's materiel developer
(DARCONM) .

ALAPTION TO CHANGING REQUIREMENTS

A project was completed to develop and recommend procedures whereby the Facilitv
Manager would be able to adapt to changing Army mammalian toxicology requirements.
Althcugh the scope of the preoject is beyond the inteat of this report, the
recommendations identified are notewcrthy. They are:

1. Plan for one to three vears in advance.

2. Obtain firm comnitments from those that will purchase the services
so the money for overhead/people is available.

3. Avoid growing too rapidly especially without firm, funded user
requests for service.

4. Maintain a constant awareness of the toxicology technology. This
can most readilv be accomplished by liaison with personnel of or
Interagency Agreement with the NTP. The MRDC has, in fact, initiated
steps towards such an agreement.

5. Utilize outside contracting firms as topping forces for overloads on
equipment and facilities and service contracts for overloads on
personnel.

kY-
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TABLE 9 UNIQUE PLAN ELEMENTS - A TSCA PERSPECTIVE(a)

Function or Principal
Element Planning Aspects Functions Involved Problems Opporturities
R&D 1. Review ail existing projects R&D Increased cost Product substitution
2. inciude TSCA considerations in all Requirements Longer lead times Process substitution
future projects Finance Integration Component substitution
3. Establish required liaison Production & Engineering Complexities Joint ventures
4. Monitor projects based on TSCA TSCA Manager/Coordinator Limitations Yield improvements
developments Increased personnel
5. Plan for timing (PMN, PPN, etc.) requirements
requirements Increased risk
(faiture. cost,
investment, Sec 8(e)
issues)
Tesling 1. Establishment of testing programs R&D Lncertanties Basic research in toxicology

DL bW

Lead imes 1.

Production 1.

and

Engineering 2.
3
4
5
6
7
8

Cost 1.

Sharing
2
3
4

a) Health

b) Environmenta! } Outside
c) Safety ‘ Program
d) Functionai Scope

. Cost determinations

. Lead Times

. Integration with other needs

. Buageting

Monitoring for current protocois

Review of existing projects and
programs

. Inclusion in future proiects and

programs of revised time tables
based on TSCA

. Integration with other activities

Review of present projects and
programs
Inclusion in future projects and
programs

. Timing tactors

. Risk factors

. Quahty control elements

. Monitoring for TSCA deveiopments

as they may aiter projects

. Consideration of process and pilot

plant production

. Synchronization with other activities

Consideration under TSCA Sec.
485

. Jont efforts through DOD
. Business ventures with suppliers
Joint efforts between manutaciurers

and users

Satety & Health
Government relations
TSCA Manager/Coorginator
Requirements

R&D Manutacturing &
Engineering
Requirements

Manufacturing

Engineering

Government relations
TSCA Manager/Coordinator
Requirements

Logistics

Management
Requirements
Legal
Finance

Costs

Lead times
Potentia!l 8(e) issues
Increased R&D lead
times

Higher risk

Uncertainties
Tempora! increases
Cost of time
ncreases

Fielding delays
Increased investment
risk

Increased complexity
Increased cost
Higher Risk

Longer lead times

Sharing of testing or
development costs
Reguirements
Limitation

Legal risks

Reduced potential product
nazards

None visualized

Process development
Yield improvements
Reduction in impuriies.
by-products. etc.

Developmert of less hazardous

processes

Cost reductions (if they can be

found)

Joint ventures

New supplier/user
relationships

Spreading of financial nsk

Improved invesiment certainty

a. The intention of this tabie 1s not o be all-inclusive but rather 10 orovide some insights into the range of possible practical consioerations that

snould be incorporated in TSCA plans. The expenience of individual Army organizations and their needs will, undoublediy, enable the addtion of

numerous other faclors wiihin each element tabulated as well as the addition of other plan elements
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6. Devote the limited resources available to the establishment of
protocols and capabilities for Army-unique toxicology research/testing
requirements. These are the most difficult to acquire on the outside.

Plan Elements

Table 9 presents a modification of a plan to meet one, of many regulatory

requirements being imposed on the Army -- TSCA (Dominguez, 1979, p. 238).

This plan could be expanded to include other regulatory and nonregulatory

requirements. It is presented to show a method, no a final answer. The Plan

looks at the R&D function, testing function, lead time functions, production
i and engineering functions and cost sharing.

CONCLUSIONS ' ;

A toxicology facility to handle all of the project Army requirements does not

i exist. Addition of new capability and capacity is recommended. These parameters
' are a function of MRDC/DA decision-making processes. A modular design was 4
conceived to provide for a full-service capability. This permits the decision-
makers the option to readily pick and choose from opticns presented which
capabilities and capacities are desired based upon requirements, pr10r1t1es
budgets, personnel resources, etc.

The Facility must provide for scientifically sound technical results, able to
be scrutinized by peer groups, regulatory agencies and standard and criteria ;
developers.

RECOMMENDATIONS

The following recommendations are made:
1. Divide the facility into two major capabilities, initial and growth.

2. Use a step-wise increase in capability within each of the two stages
to effectively integrate capability and personnel with available _
resources and ability to simulate the growth. ﬁ

3. Because toxicology is very much a science oriented discipline and ;
the results are dependent upon scientists, the manner in which the
work is carried out and the standards should be controlled directly
by a Facility Science Director in conjunction with an all Army E
review team, a non-Army review team and a peer group of advisors.

4. The specific tests utilizing standard protocols, the new protocols
to be developed, the special scientific experiments to be carried
out and the genetic toxicology tests to be included must all be
finalized prior to initiation of a Facility development Plan.

5. One of several companies noted for their techniques in scheduling
toxicology testing activities should be contacted to obtain proven
procedures for minimizing overloads of facilities and equipment and
excessive workloads on persommel in short supply.

42
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6. A decision must be made to determine which of the following animals
should be included within the Facilitv's capability, rodents (mice,
rats, guinea pigs), primates, rabbits, dogs and <hickens (the latter
used only for neurotoxicologyv). ]

~J

Special emphasis should be made to incerpuor :te i " raining fuacticn
to provide the Army with perscnnel for:

a. Determining toxicology reguirements us a functicn of materiel
develcpment cycle.

b. Inspectors to be utilized tc ensure standards and criteria uavre
being met.
c. Develcp personnel to relieve those kucwn te be in limited

supplv (e.g., veterinarian pethologist) aud to trzin a genera-
tiop of middle and lower level technical supperting perscnnel.
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APPENDIX 2

PERSONNEL AND FACILITY AC DITATIONS AND CERTIFICATIONS

Personnel Certification

txzerican College of Veterirzry Medicine for Veterinmzry P t“o’ogists
~#8C? for Eistclogy Techricians end Che-icel Cherxistry Techniceians
frericzn Association of Laboratcry 4ni-2l Sciences for Arnizzl Technicians
and Czretakers

. ‘tzerican Beazrd of Texicology

Z=evicen College of Veterinmary Pachologists (ACLP)

L*e***an College of Llaboratory infcal Medicine (ACLAY)

f=ericazn Beczrd of Veterinary Texicology

ricea Becard of Cliafical Chemiscry

‘o:al Registry Zn Cliniecal Chezistry

rican Society of Clinicel Patheology

0 N -
.

[
r:

.

O W0~ O
.

Tacilitv Accrediteticns

Good Laboratery Practices, FDA

Good Laboretery Practices, P4

t—ericen Asscciation for Accreditation of Laboratory Anizmal Care
U.S. Departzeat cf Agriculture

Toxicology lazboratory Accreditztiocn 3ecard

Toxicology Laboratory Aziwal Board

Lo NNV, I 0 VU S ]
.
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APPENDIX 3 TYPICAL ONGOING TASKS FROVIDED BY A FULL-SERVICE FACILITY

Before Testing

1. Monitor end mairtzirn knowledge 3f toxicology testing capabilities avail-
able to fulfill medicel and nor-medical military needs

ro

Perform continuing znalysis of military user (e.g., DARCOM) needs for
toxicology testing

3. Identification c¢f weste products from runitions, synthetic fuels, etc.

4. Determine and meintein priority setting mechanisms to select the most
important chemicals for tests

5. Prepare and mairtaic long range RaDl Plan (per AR 72-535 (paragraph %b) and
AR 70-1 (paragraph 1-&b))

6. Service as expertise and appropriate data base to evaluate specific
toxicology research testing reciirements fcr the MADC sn a continuing
basis (movie versus scapshot)

~J

Review health reccriés or exposed pcpuletions. This weuld include morbidity
and mortelity reports

8. Perform measurements on suspected exposed population znd compare with
control group. This could includ= both prospective and retrospective
studies

9. Identify potentially toxic materizls {(chemicals)
10. Provide Advice/Recomnendations sn Toxicology Testing Needs

11. Literature and Information Reviews/Searches (To Minimize Toxicology
Testing Needs)

12. Basic Research oa Toxicclogy Testing (tc develop techniques to extrapolate
more effectively from animal data to humans)

13. Hazard assessment scientific data bzse to support a cost-effective proce-
dure for evaluating the environmeztal hazard of Army wastes and for
complying with waste treatment znc disposal requirements

‘ 14. Improved methods for evaluating animal test data and making species
extrapolations to humans for predicting toxic substance effects on troops
under military training/combat corditions

15. Sensitive and cost effective test procedures for evaluation of organ
toxicity for use in testing

16. Short-term in vivo test predictive of oncogenic potential of chemicals
and chemical mixtures for use in zssessing military toxic hazards within
time and cost constraints

L6
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17.

18.

19.

20.

21.

Sensitive and relevant behavioral tests for prediction of human performance
decrement from toxic substance exposure of trcops under training/combat
conditions

Improved toxicologic test procedures for predicting toxic substance
cffects on troops exposed under rezlistic field training/combat cenditicus

improved sensitive test systems fer evaluating and predicting the inter-
sctive effects of toxic substances arnd other stresses on troups under
realistic field expcsure conditions

Shert-term test procedures for evaluzting Army relevant environmental
pollutants with reduced time and ccs: requirements

Chemically and physically characterize potentially tonic materials - su
it can be simulated in the labeorzt:ry to chtain the t xicalcgy data

During Testing

o

24,

3.

Toxicology Testing (Limited Sccpe)
Toxicology Testing (Medium Scope)

Toxicology Testing (Full Scope)

In Parallel with Testing

25.

Develop toxicelogy (health effects or hazard assessuest) data-base (toxi-
cologic and/or epidemiologic studies)

Quality Assurance Services
Regulatory Affairs

Provides Training of Army Personnel

er Testing

Establish criteria to avoid reversible toxic effects
Establish criteria to avoid irreversible toxic effects

Sensitive and cost-effective procedures for evaluating Army relevant
environmental pollutants to base environmental quality protection criteria

R wmm— AS— e S *-,.|
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

APPENDIX 4 SERVICES THAT COULD BE PROVIDED FOR EACH ASSIGNMENT
Review materiel/equipment test plans and design concepts

Evaluate range of scenarios for exposure to toxic materials (a chemical
or mixture of chemicals)

Alert DA to requirements

Alert DA to areas of vulnerability
Recommend course(s) of action
Respond to requests to do work

a. Get facts, report back
b. Expand involvement

Take action needed

Indicate toxicologic data inputs required

Literature review on health effects of exposures (including, where éppli-
cable, all material projected for use in the manufacturing process to
determine work completed by others)

Problem Definition Study

Evaluation of literature on health effects for given tvpe(s) of exposures
Applicability of existing protocols to military unique exposures
Production Process Evaluation Study - Specific chemicals, exposures

Risk Assessment Analvsis (Health/Environmental)

Health Hazard Assessment Analvsis

Recommend concepts for protection against hazard(s)

Recommend materials for protection against hazard (s)

Identification of Specific Testing Requirements

Identification of Specific Research Requirements

Select Methodology, have Peer Review

Establish applicability of animal models to military unique exposures to

hazard requirement. Determine best animal models for various chemical
tests (this could be considered part of the protocol preparation)
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o
(1%

carry out epidemiology Studies

2:. Decide if to test or not and priority

2-. Chemically (analytically) characterize potentially toxic materials or
environments -~ so it can be simulated in the labouratorv to obtain the
toxicology data. Chemistry literature review to:

Determine anticipated products
Develop capability to characterize (sampling, anelvtical approaches,

LS AT

etc.)
1. Laboratory
2. Field

Lo analysis
Cetermine how to duplicete for mammalicn toxicolipgy testing

PR N

Vi O

25, Ihysical {(chemical) aspects of:

. Phvsical form (gas, liguid, sclid:
) Chemical specie (e.g., valence state of metal)
® Route(s) of exposure
' Magnitude of concentration peak
. Duration of exposure
. Frequency of exposure
) Intervals between exposures
2¢ Fhysically characterize the form of chemicals, e.g., particle size and
distribution of a smoke
27. Levelop chemical generation simulaters to allew reproduction of chemical

and physical characteristics in the toxicology labaratory

28, Levelop exposure equipment that will enable the tests to duplicate the
expesure levels., duration and multiple stresses

<% ~ctual Industrial Environment Characterization
sL. C(haracterization of Soldier's Field Cperating Envircnments

21. Make in-plant and in-field measurements over time with variations in raw
raterial, production, processes that produce the material, standard
levels of maintenance of equipment, operaticn under different climatic
conditions such as temperature, humidicy which mav impact bv-product
formation rate or actual formation

32. ldentification of new toxicity tests/protocols needed
33. Tevelop methodology and indicate data inputs required

I~
c
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46 .

47.

53.
54.
55.
56.
57.
58.

Decision on route(s) of exposure
Clinical Studies

Establish Test Methodology (Preparction of protocols and analvtical
chemical procedures prior to "preduction type’ recearch/testing.)

weigh the importance cf data irputs
Svnthesis chemicals
Validate new toxicity tests/protccols

Measure toxicolegy through proper conduct ¢f required studies

o
wn
-+

Complete selected Toxicology Evaluztion udies (Ceneral ..... CoReavIOral )

Establish standardized new toxicity testg,/jprovocels
Complete comparative metabolism studies.
Establish dese-response relationship for all ident:ified end 1oout-

Apply safety factors

Complete inter- and intra-speci=s extrapclation ard low to high ¢oncentra-
tion levels extrapolation

Identify and recommend protection required

Provide guidance for The Surgeon Seuneral and TRADOT users
Identification of interaction mechanisms

Establish environmental quality protection criteria ~ecommendaticrs
Recomnend criteria

Estzblish criteria to avoid reversible tunic effects
Establish criteria to avoid irreversible toxic effects
Recommend occupational health protectiocn criteria
Recommend occupational health exposure limits

Transfer technology to literature, other users, ctc.
Recommend surveijllance techniques

Recommend treatment procedures

50
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59.
60.

ol.

Identify modifications of soldier capatilities in using
Expand Health Hazard Assessment Lata Bzse

Complete retrospective epidemiclcgy !

Complete re-evaluation of stancards

Sede i o4 aas i
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APPENDIX 5

ROUTES OF EXPOSURE AND ADMINISTRATION

Cutaneous
Dermal
Epidural

Eye instillation
immersion
Implantation, Surgical
Inhalation

Vapor

Aerosol

Farticulate
Interdermal
Intracardiac
Intracoelomic and muscular
Intracutaneous
Intradermal
Intradiscal
Intragastric
Intrahepatic
Intralaryngeal
Intralingual vein
Intramuscular injection
Intraocular
Intraperiioneal {i.p.)
Intrapleural
Intrarectal

Intrarenal

(ntrasalivary gland
intrathoracic
Intratracheal
Intratympeanic (middie ear)
Intrauterine {i.u.)
Intravaginal
Intravenous injection {i.v.)
intravesicular
Intrcdermal injection
Inunction
Ocular
Oral
Food/Diet
Gastric Intubation
Gavage
Capsule
Peros
Parenteral
Percutaneous
Rectal
Skin painting
Subcutaneous (s.c.) injection
Suppository
Topical
Vitreali injection




APPEITIY €
FACILITY ARZAS/L2ABOR:LTORILS

Areas of Major Importance

Acute Oral Exposure aArez, Rodernt

Subchrenic Oral Expcesure Area, Rodent
Chrozic Oral Exposure Arez, Rodent
Subchrornic Oral Expesure Areaz, og

Acute Inhalation Exposure Area, Rodent
Subchronic Inhalaticn Expcsure Arez, Fedent
Chreric Izhalation Zxpcesire Arez, Rcdent
Acute Inhalation Exposure Area, Primsate
Subchreric Inhalaticn Expesure irez, [riczate
Chreoric Irhalation Ixpes: Te iArea, Prirate
Der=al Testing Ares, Ra:

Ocular Testizng Aree,
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13. Eehavioral Studies irea

14, Metabolisz/Pharcaccrinetics Stucdies Area
15. Phar-acodynanmics Studies Area

16. Cncogexnic Studies Area

17. Respiratory Physicl-gy Studies Area

18. Reproducticn Studics Area

19. Teratolegy Studies ires

61. Yeurctcxicology Studies Area, Chicken
62. 1In Vitre Genetic Texicelegy Studies Area
63. Io Vivo Genetic Toxzicclegy Studies Area

Areas of Intermediate Irocrtznce

20, Food Prepasration/RBlendizg irea

21. Non-radicactive Waste F¥zndling/Dispcsa
22, Refrigerzted Food Stozzge irea

23, Quality &ssurance.lzberatory
24, Aripal Querantine Area

25, Pathelegy Laboratery

26, Clinical Cremistry lebcratery
27. Anizmal RBreeding Area

28. Veterinary Medicine irea

29, Apalvtical/Synthecic Chemistry Laberatery
30. Autczated Data Preocessing Area

31. Radiochexnistry Labcratory

»
"
by
m
m

Areas of M{nor Importazce

32, Cage/Rack washing zad Stcrage area
33. Chemical Storege Area

34. Showers, Lockers and Teilets Area
35, Glassware Washing Area

36. Library Area

37. Technical Offices Airea

continued -~
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w
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60.
38.
39.
40,
41.
42,
43,
45,
46.

Adpinistrative Office Area
Shipping and Receiving Area
Luncheon Room Area

Record Archives Area
Specimen Storage Area

Linen Storage Area
Jaritorial Storage Area
Equipment Maintenance Area

Laundry

Area

Facility Central Utilities Areas

44,
47.
48,
49,
50.
51.
52.
53,
5S4,
55.
56.
57.
59.

Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central

Cylinder Gas Storage Area
Power Area

Stancby (Emergency) Power Area
Water Supply Conditioning Area
Wastewater Conditicning Area
&ir Hendling Area

Eeating Area

Compressed Air/Vacuum Area
Communications Area
Refrigeration Area

Toilet Area

Vacuur Cleaning Area

Automated Facility Systems Control Area

54
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APPENDIX 7

EXAMPLES OF FACILITY CATABILITY ODULES

todule
No. Title PAGE
1 Acute Oral Exposure Area, Rodern. >6
5 Azute Inhalation Exposure Area, Rodent 57
25 Pathclogy Laboratory 35

Sl e mae
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Life Systenss
MAMMALIAN TOXICOLOGY FACILITY MODULE DESCRIPTION
Mﬂ Hooded Treatment Table with Sink 4
,/ [ Cage Rack
] 8 Sit Down Hood
‘ v U U j
; EE{I‘ Necropsy
‘ il Treatment Room ! fi |
i i 1'33 Shower & Dress ' :
Sk ang JEEE! E =5 |
» Work Table l . J ! = 1
‘ O] Ante Room 1 A ! ?
L ]\ d ' ' Locxers ; f
—~ 1 \;:_KI 'gi " \ | f \_—_{ ! !
U <—Wall Kung Cabdrnet L—Desk | :
Air Lock e— . : ;
koee Corridor 7 :
| n — . .__n |
] i =] s [Ja==u-; 4 : * oy }
Ll e Ny
i ! r.,! i .  Experimental | | .
H l Ly D ! _ i “Diet ; 1
e T e Preparation i :
i TN N | Zees | ;
1| SR HI1’,F'1=J T , |
4 I RER] LLTI";’i[',' B AR r—
; i i  Work Table } | i
i : .
’ Decontamination ! “
eszf szl
! | ‘
i b d q
' SCALE: 1” = 1 ;
3 |
} CONSTRUCTION INFORMATION SPECIAL FEATURES/BENEFITS :
: Dimensions: __ 59  x__ 57 _Ft. 1. Can test four chemicals simultaneously.
: Area: __3.363  Sq. F1.
§ Ceiling Height Z 8 X 9' — 13" 2. Double walls for air pressure control in rooms ;
Air Flow: __7.500 _ CFM T Variable and sound isolation. i
Air Changes/Hour: ___ 15 ]
Fioor Drains: X Capped Z Flushing T Other 3. Compatible with highly hazardous tests: ;
Water: X Hot X Cold Z None = No T Make-up e Ante room isolates corridor i
] Central Vacuum Cleaning. X Yes — No e Local ciet preparation i
i Local Exhaust Filtration: X Yes — No « Local necropsy
‘ Epoxy Coated: X Wells X Floors X Ceilings * Local cageirack cecontamination
Sorinklers: Z Yes X No Z Halon Z Optional
X Timed Lighting y
— Compressed Air, — Vacuum: Z Other Gases
Z Emergency Shower/Eye Wash ;
i
SPECIAL ASSUMPTIONS COST ESTIMATE {
Total Resulting
) $(000) $/Sg. Ft. :
1. Tests of highly hazardous materials must be K
performed. General Construction 54 16 !
. 1
2. Safety considerations reguire local necropsy Heat, Vent., Air Cong. 34 10 .‘
and diet preparation. Efectrical ki ;
Sanitary 16 l
Equipment 104 31 i
Total 239 74
TTLE NO. 1
Acute Oral Exposure Area, Rodent 1
F-650 (2/15/81)

56
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! Life Systerss
! MAMMALIAN TOXICOLOGY FACILITY MODULE DESCRIPTION
‘ FLOOR PLAN
i ‘ ! : == q‘—r
| [D]olEalo 5 il
' T Work Walkin f Inhaiation : . o o o e T s R o ?
' Table with  Hoog Chamber = /M T T e e -y
i Sink (Va M) o I s s B A ‘ —'_—:1 — —_ i
# Hood \ T\ Dosed Arima! Ho'ding : — ;;-Tv*;eﬁ: !
Z‘:’d;—r"i g Cege Rack (Ventlategr L "'\ Aoon ;
' 1 : f———— —— - | R ——
| premper e LA 2E ZE ] 1
Moniter ROCM , € £, 1, - A T e ‘
" Hood f___<'§ ! ;j ' i \ oo o . Stcrage i :
. ) vl i ; - ! ¥ K
k_ z| N L - Ji — §
J \_—Ne:rcasy - \
- Cereidor Aur Lotk = 63"
= - A F—=r —= = M — i ra t =
; Eg P H l ‘;.,’;‘ ? r ] ) [E \ _]'i
' Ql/ (-! ‘ o - / - | em e 3
~ j | = = = = i ; Srover | 3
R = = = = TR i

L

" ' P ! : = /Geners b
i e B S e L BN P ,
hy — = E —_— — « L. Room I
! . — - —_— ‘ Vegthenl
! : — —_ == HooC toce 3] : 4
‘ ; ' ; ! . :
(001 0] 0 SO
. . [= = i v i

'S
™
a

’ SCALE: 1" = 15 —=
CONSTRUCTION INFORMATION SPECIAL FEATURES/BENEFITS

Dimensions: ___ 86 _x __ 63 __Ft

4rea: 5418 Sq. Ft. 1. Can test two chemicals simultaneously
Ceiling HMeight Z 8" X 9" — 13° T

Air ,’:,SWZ s 12.000 CFM — Variable 2. Separate ccsef anima! holding areas avoids
Air Changes/Hour: 15 - cress-contamination.

Fioor Drains: X Capped Z Flushing Z Other .

\r‘nl’ater: YIHot ¥ Ez;')d ~ None — gNo = Make-up 3. Walkin hoods provide safe maintenance ¢f

Central Vacuum Cleaning: X Yes Z No chambers trom all sices.

Loce! Exhaust Filtration: X Yes Z No ~ - .

= ae = — Cempatibie with hich!y hezs :
Exoxy Costec: ¥ Vialls X Flocs X Ceilings e L e e mnation
Sotirklers: — Yes X No Z Hzon I Optional . eeal metroney | omsen niemnatio
- ime - C e Sy
Z Tmed Lighting - « Local cecortamination
Z Compressed Air; — Vacuum: Z Other Gases Ve e

Z Emergency Shower/Eye Wash

SPECIAL ASSUMPTIONS COST ESTIMATE
Total Resulting
$:000} §'S¢. Ft.
1. Desirable {0 have local pre-test animal hoiding
area. General Construction 124 23
2. Desirable 10 have local necrepsy. Heat Vent.. Air Cond. 74 1
Electrical 71 13
Sanitary 38 7
Eguipment 398 73
Total 705 130
TITLE NO.
Acute Inhalation Exposure Area, Rodent 5

F-650 (/15/81)




MAMMALIAN TOXICOLOGY FACILITY MODULE DESCRIPTION

Life Systenss

FLOOR PLAN

|

1, |

o

Catkroom C;"—, M.CIGSCOpY :
‘ ."!:“1 ;

7 = =
== T — l |
'\\\ STt.osfauoee i !] Mcroscope ? '
i Necropsy b ;
1 ] |
~ =
' =z i
| P b —
C A Lo i
£ C# b i ¢! —.
= | P ;
T Lo 2R o — .
zbcratory s = | |
.- _{t Lo C’L_
B - \ o
o T Hi1s10iogy i
; S | W N W |
\.ndes {
V.ewing Corridor |
| Room — :
—\ T
Phcto'ab and Y Efeciron L

1

|
B

- A

(o
e

67

SCALE: 1" = 1&°

CONSTRUCTION INFORMATION

Dimensions: 67 X 60 Ft.

Area: _4.020 Sq. Ft.

Ceiiing Height — 8° X 9 = 13"

Air Flow: 9.000 CFM  Variable

Air Changes/Hour; ___ 15

Floor Drains: - Capped _ Flushing X Other
Water: X Hot X Ccld — None _ No _ Make-up
Central Vacuum Cleaning: - Yes X No

Local Exhaust Filiration: — Yes X No

Epoxy Coated: X Walls X Floors X Ceilings
Spnnklers: — Yes X No  Hzlon . Optiona!
. Timed Lighting

X Compressed Air. X Vacuum: X Other Gases
X Emergency Shower/Eye WWash

SPECIAL FEATURES/BENEFITS

1. Laboratory sized tor sacrificing large primates.

2. Capabihity for histopathology investigations with
light or electron microscopy.

3. Capabiiity for group viewing of slides.

SPECIAL ASSUMPTIONS

COST ESTIMATE

Totat Resulting
None. $,000; sSc Fi
General Construction 48 12
Heat. Vent. Air Cond 36 9
Electrical 36 9
Sanitary 24 6
Equipment 445 111
Total 589 147
TITLE NO.
Pathology Laboratory 25
F-650 (2/15/81)

VPN
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APPENDIX 8
ALPHABETICAL INDEX OF BUSINESS SERVICES

Accounting
Accounting Special Reports
Advisory Board, Business
Advisory Board, Technical
Agreement Preparation (See Legal)
Air Conditioning (See Facility Utilities)
Alarm System (See Fire Alarms or Security/ :
Access Control) '
Analytical Chenistry (See Chemistry, Analytical)
Animal Breeding
Animal Feeding
Animals (Mammalian), Laboratory Types
Animal Quarantine Area
Architectural
Archives
Automatic Data Processing, Laboratory
(See also Business Information System)

k.

RBacklog, Work

Backup Utilities (See Facility Utilities)
Bookkeeping

Brochure Preparation

Budget Processing (See Accounting)
Business Data/Information

Business Information System

Cage/Rack Washing/Storage

Calibrations

Capital Equipment Justification/Evaluation
Chemical Storage

Chemical Technology

Chemistry, Analytical

Chemistry, Clinical

Chemistry, Synthetic

Clinical Chemistry (See Chemistry, Clinical)
Clothing (Protective) Supply

Compressed Gases (all types) Storage
Computer Servicing and Maintenance
Conference and Review Meetings

Conference Room (and support)
Configuration Management

Consulting

Contract Administration

Contract Negotiations

continued -
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Appendix 8 ~ continued

s T

Contract Personnel (File)
Contract Program Billing
Contracting, Electrical
Contracting, General
Contracting, Mechanical (AVAC)
Contracting, Plumbing
Control/Monitor Instrumentation
Controlled Substances
Controller, Corporate

Cost Control

Cost-of-Living (Calculation of)
Cost-to~Complete

Customer Contact Report
Customer Liaison

Data Communications
Data Processing
Data Reduction
DCAA Interface ]
Deferred Compensation

Design/Drafting ' 1
Documentation (See Word Processing Center)

L Drafting (See Design/Drafting) 4
Duplication {

Electronic Software Management
Employment Recruiting, Permanent
Employment Recruiting, Temporary
Engineering Laboratory

Engineering Technology

Equal Employment Opportunity
Equipment Servicing and Maintenance
Expendables (See Purchasing)
Expense Account Control System *
Experimental Design

Fabrication Kit (See Purchasing)

Facility ' v
Facility Layout )
Facility Resources

Facility Servicing(agd Maintenance
Facility Utilities 2

Field Service

Final Report

Final Report Coordination

(a) Electricity, heat, air conditioning, backup power, sanitary, etc.

continued - F
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Appendix 8 - continued

Financial Report

Fire Alarms

Fire Extinguisher

First Aid

Fiscal Year Record

Fixtures (See Jigs, Fixtures & Molds
Control System)

Food Preparation/Blending

Forms Control

Forms Revisions and Updating

Gases (See Compressed Gases)
Gauge Calibration System
Glass Washing

Government Property Control

Hazardous Material Disposal
Hazardous Material Handling
Heating (See Facility Utilities)

Indoctrination

Inspection

Instrumentation (See Equipment)

Instrumentation Laboratory

Insurance

Invoicing (See Bookkeeping) .

Janitorial Service
Jigs, Fixtures & Molds Control System

Key Control System
Keypunch Control System

Label

Laboratories (See individual ones) a
Laboratory Animals (See Animals)

Laundry .

Law Suits

Lease Agreement Preparation

Letters, Filing Yellow Copy

Library/Librarian

Literature Review

Local Pickup and Delivery (See Pickup ]
and Delivery)

Log Book Control

Long-Lead Item Procurement

Lunchroom

b atagall,

continued -

61




» R — S

Life Systems, Jne.

Appendix 8 - continued

Machine Shop

Mail Service/Room

Maintainability Technology (See Product
Assurance)

Maintenance

Maintenance Agreement

Management Planning Procedure

Mask (See Expendables)

Material Control (See Material Services)

Material Services

Mathematical Model Technology

Mechanical Engineering Technology

Microbiology Technology

Mockup

Mold (See Jigs, Fixtures & Molds Control
System)

Monthly Trial Balance (See Accounting)

Moves (Facility, Equipment)

ltd

New Technology
Notebooks, Laboratory
Notes (See Word Processing Center)

Office Supplies

Offices

Operating Procedures File
Outside Services

Overtime

Packaging

Parts Stores

Pathology Laboratory

Patents

Payroll Computing and Preparation
People Power Log

Performance {Quality) Control
Personnel

Petty Cash
Photograph/Presentation File
Photography

Phototype Setting

Pickup and Delivery, Local
Pollution Laws/Regulations
Postage

Precious letals

Presentation Preparation
Presentations File

Printing Service

Procedures

e et etpe

continued -
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Appendix 8 - continued

Procurement Regulations
Product Assurance
Program Managenent
Program Managers
Project Assignment File
Project Assignments
Property Accountability
Proposals

Protocols

Purchasing

Quality Assurance (See Product
Assurance)

Quality Control (See Product
Assurance)

Radiochemistry (Labeling, Counting)
Rate Justification

Receipt of Award Log

Receiving

Reception

Recruitment

Refrigerated Food Storage

Refuse Pickup/Disposal
Reliability

Rentals (See Purchasing)

Repairs

Repairs (Unscheduled Maintenance)
Research

Rest Rooms

Review Meetings

Safety

Sanitary (See Facility Utilities)

Schedule Control

Science

Secretarial Services

Security/Access Control i

Sensors, Analyzers and Monitors (SAM)

Shipping (Including Packaging and ]
Transportation) }

Shutdown Procedure

Soda Pop Service i

Software

Special Studies

Specimen Storage
Standard Operating Procedures (SOPs)
Startup Procedure
Statistics ;
continued - )
k
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Appendix 8 - continued

Storage

Stores

Suits

Supplemental Unemployment RBenefit (SUB)
Supplier Review Meeting

Supplier Source Inspection

Systems Engineering Technology

Taxes

Technical Papers

Technician Coordination/Administration
Technology

Telegram/Night Letter Service
Telephone Service
Terminations

Test Support Accessories (TSA)
Testing Underway

Thought Tank

Time Cards

Tools and Tool Boxes

Training Program
Transportation

Travel Advance

Travel and Business Expense
Travel Arrangements

Varityper Operation

Vehicle Use Log

Ventilation (See Facility Utilities)
Veterinary Medicine

Vice President's Office

Viewgraph Preparation, Files, Supplies
Viewgraphs

Visas

Warehouse (See Storage)

Washing (Glassware, Laboratory Apparatus)
Washrooms

Welding

Word Processing Center

Work Schedule
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